INTRODUCTION
In 2013, 4 million youth aged 15-24 years were living with HIV and 85% of HIV-infected youth live in subSaharan Africa, 1 where AIDS is the number one cause of death of adolescents. 2 The magnitude of the HIV epidemic among youth in sub-Saharan Africa is expected to increase as demographic projections predict a "youth bulge," increasing the population at risk for new infections and leading to a doubling of the 15-to 24-year-old HIVinfected cohort in sub-Saharan Africa by 2020. 3 Retention in HIV care among this age group is essential to maximizing the benefits of antiretroviral therapy (ART), including improved quality of life, greater life expectancy, and prevention of new infections.
Before guidelines for universal treatment, HIV-infected youth who started ART were more likely to be lost to follow-up, [4] [5] [6] report lower adherence, 4, 6 and were more likely to have detectable viral loads than older age groups. 4, 5, 7 After 2 years of universal HIV testing and treatment in rural East Africa as part of the Sustainable East Africa Research in Community Health (SEARCH) trial, 82% of all adults with HIV in intervention communities were virally suppressed compared with only 67% of those age 15-24. 8 These data suggest that even when high levels of viral suppression are achieved at the population level, current disparities could be exacerbated under universal treatment unless engagement in care among youth is specifically addressed.
Understanding factors associated with retention in care, including any unique predictors, among this vulnerable age group will help develop additional interventions. We describe predictors of 12-month retention in HIV care among youth (15-24 years) who are linking to HIV care for the first time in rural Kenya as part of the ongoing SEARCH universal test-and-treat trial and compare these to young adults (25-29 years) and older adults ($30 years).
METHODS
SEARCH is a community clusterrandomized controlled trial (NCT01864683) in 12 pair-matched communities of approximately 10,000 persons each in rural Kenya and 20 pairmatched communities in rural Uganda. Each community underwent a census followed by population-wide HIV testing at baseline (June 2013-June 2014), using a hybrid model that combined multidisease community health campaigns with home-based testing for nonattendees. 9 In the intervention communities, all HIV+ individuals were offered facilitated linkage to ART 10 delivered in a streamlined, patientcentered approach at quarterly visits. 11 Patients who missed a clinic visit received a tiered series of interventions to re-engage them in care, including a phone contact, home visit, and facilitated transport to return to clinic. 12, 13 This analysis includes all stable residents (.6 months/past year in the community) age $15 years in the 6 SEARCH intervention communities in Kenya who linked to care for the first time after baseline HIV testing. Those who linked to HIV care more than 1 year after testing or after database closure (September 16, 2015) are excluded from this analysis.
Retention in care was defined as not more than 90 days late to a scheduled follow-up visit. Patients were considered out of care (nonretention) if they were found alive, in the community and not enrolled in HIV care, reported moved out of the community without a documented transfer to other care facility, or lost to follow-up.
Demographics were obtained during the baseline year. Age was stratified into 3 categories: 15-24, 25-29, and $30 years. Retention was homogenous within these categories and did not violate the proportional hazards assumption as assessed graphically and with Schoenfeld residuals. All analyses were stratified by age category to evaluate age-specific predictors of retention.
Baseline demographics were compared by age group using x 2 test. Time-toevent analysis was performed for the primary outcome retention in care at 12 months to capture time in care for each individual. Patients entered the risk group (T 0 ) at their first clinic visit after baseline HIV testing. Time to nonretention was calculated as the time between T 0 and a patient's last scheduled clinic visit. Kaplan-Meier survival estimates were used to calculate probability of retention at 1 year. Hazard ratios for retention were computed using Cox proportional hazards modeling. Patients who had a documented transfer or died were censored. Follow-up continued until nonretention, censoring due to death or transfer, or 365 days after linkage. All models used robust standard errors and included community as a fixed effect to control for clustering by community. 14 
RESULTS
Seven hundred sixty HIV-infected persons aged $ 15 years linked to care after baseline HIV testing in the 6 intervention communities in Kenya. Of those who linked to care, 124 (16%) were aged 15-24, 157 (21%) were aged 25-29, and 479 (63%) were aged 30 or older. A large majority of youth aged 15-24 were female (89%) compared with older age groups (72% among age 25%-29% and 53% among age $30, P , 0.001). Youth were also more likely to have an HIV-infected household member (36%, vs. 27% among 25%-29% and 17% among $30, P , 0.001). No differences were observed by age group in the proportion married (P = 0.26), with access to a mobile phone (P = 0.20), pre-ART CD4 + count above country treatment guidelines (P = 0.11), or community health campaign vs. homebased HIV testing (P = 0.49) ( Table 1) .
Overall retention at 1 year was 94% [95% confidence interval (CI): 91% to 96%] among adults $30, 90% (95% CI: 84% to 94%) among young adults 25-29, and 81% (95% CI: 73% to 88%) among youth 15-24 years. Having an HIV-infected household member was associated with increased retention (aHR 2.94; 95% CI: 1.35 to 6.25) among age 15-24, with 1-year retention of 90% (95% CI: 77% to 96%) in this subgroup. Among the 44 HIV-infected household members of the 15-24 year olds, 32 were spouses, 3 were siblings, and 9 were parents. One-year retention was 77% (95% CI: 65% to 85%) among the 80 youth without an HIV-infected household member.
Retention was not associated with education, marital status, time to link to care, or mobile phone access in any age group. Among 25-29 year olds, unemployment was associated with decreased retention (aHR 0.13; 95% CI: 0.04 to 0.45). Among those $30 years, those who started ART with CD4 + count above country treatment guidelines (aHR 4.2; 95% CI: 1.6 to 11.1) and those who tested through home-based testing (aHR 3.2; 1.2-10.0) had increased retention (Table 1) .
DISCUSSION
Within Kenyan communities experiencing roll-out and scale-up of a universal HIV test-and-treat strategy, we found substantially lower rates of retention in care among the youth population, aged 15-24 (81%, compared with 90%-94% for persons age $25). We also found, however, that among In an evaluation using routinely collected patient data from 160 HIV clinics in Kenya, Mozambique, Tanzania, and Rwanda, attrition among youth who initiated ART was lower in clinics offering adolescent support groups. 15 An HIV support group and good parental supervision/monitoring were associated with lower nonadherence among adolescents in South Africa. 16, 17 Women from multiple resource-limited settings in subSaharan Africa and Asia were less likely to be lost to follow-up from pre-ART care if they coenrolled with another adult household member, the majority of whom were spouses. 18 Youth aged 15-21 years in Kenya reported familial support, including financial and emotional support, facilitated retention in care. 19 We are continuing to analyze qualitative data to understand whether the higher retention observed among youth in our study who shared a household with another HIV-infected individual may reflect decreased stigma, increased support for clinic attendance, mechanisms for improved ART adherence, or a combination of these or other factors.
This analysis is limited to 6 communities in rural Kenya so these findings may not apply to other SEARCH intervention communities in Uganda or urban settings. Follow-up is limited to 1 year; however, data suggest that most lost to follow-up occurs during the first year after ART initiation. 20 Finally, we do not have data on disclosure of HIV status, which could provide important context to social support provided by HIV-infected household members.
It is crucial to understand the obstacles to retention in HIV care youth face and to implement tailored interventions to improve their outcomes at every stage of the HIV care cascade. Investigation of additional interventions that function to increase social support such as peer navigation 21, 22 and those leveraging the existing social networks of youth are urgently needed. Understanding the role that social support plays will provide important insight into how these social connections can be used to improve engagement in care.
Linkage to Care After HIV Diagnosis in New York City: Better Than We Thought
To the Editors: Studies show that timely linkage to care for persons with HIV infection is associated with better clinical outcomes and improved length and quality of life. 1, 2 Despite the improvement in linkage to care among persons newly diagnosed with HIV, 3, 4 a relatively large proportion of persons living with HIV had never been linked to care, eg, 20% in the United States in 2009 and 12% in New York City (NYC) in 2013. 5, 6 Given the natural history of HIV infection, the presence of such a large proportion suggests that previous estimates of linkage to care may be inaccurate. The purpose of this analysis was to use predictive modeling to provide more accurate estimates.
METHODS
The data source was the NYC HIV surveillance registry, and the analysis population included persons newly diagnosed with HIV in NYC between January 1, 2006, and December 31, 2014 (N = 24,076).
"Alive but never linked to care" was defined as a person diagnosed with HIV in NYC who was not known to be dead by December 31, 2015, and had no evidence of ever having been linked to HIV care in NYC or elsewhere in the United States. The data on death and HIV care in NYC were obtained from NYC HIV registry, and the data on HIV care elsewhere in the United States were obtained from the Routine Interstate Duplicate Review (RIDR). 7, 8 Linkage to care measures included "linkage to care within 3 months of diagnosis" defined as $1 CD4/viral load test 8-91 days after diagnosis and "linkage to care within 12 months of diagnosis" defined as $1 CD4/viral load test 8-365 days after diagnosis. 9 For uncorrected estimates of linkage to care, we included all persons Instead, all of them were included in the denominator, after those who were linked to care within 12 months of diagnosis were assigned a weight of 1, and those who were not were assigned a weight based on the predictive model described next.
To build the predictive model, we first selected persons who (1) were diagnosed with HIV in 2006-2010, (2) were alive for $12 months after being diagnosed, and (3) had no evidence of linkage to care within 12 months of diagnosis. We then partitioned the data set randomly into a training (80%) and testing data set (20%). In the training data set, we fitted logistic regression models to predict "alive but never linked to care" with the candidate variables sex, age at diagnosis, race/ ethnicity, transmission risk, diagnosing provider type, and borough of residence at diagnosis, using backward, forward, backward stepwise, and all-subsets selection methods. The backward, forward, and backward stepwise selection methods generated identical models with a c-statistic of 0.706, whereas the all-subsets selection method generated a different model with a c-statistic of 0.690. In the testing data set, we compared the 2 models and selected the model derived from the backward, forward, and backward stepwise selection methods with a higher c-statistic (0.733 vs. 0.727). The final model was used to predict each person's probability of being "alive but never linked to care," and then each person was assigned a weight equal to 1 minus the probability.
To assess the factors associated with linkage to care within 3 months of diagnosis, corrected estimates were used, and weighted bivariate analyses were conducted to estimate crude prevalence ratios (PRs), and a weighted log-binomial regression model was used to estimate adjusted prevalence ratios ( adj PRs). figure or table) . Figure 1 shows both uncorrected and correct estimates of linkage to care.
RESULTS
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